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1 

&mjjte.m&iz y *ti?*u» e >m&m omit^ & 

lc»*.*/W7XB£**U B*E&8{8ttB*<P t M 

FeN i (ft— -~/>r;u) Co (=3/<;u 

h) , F e — C oS1£, Fe-Co-Ni^T'i^ 

[IS*^3] IftEP t Mn^(Dlfi*t Pt#4 
4-5 1^%t\ MnAU9-56 1 : f L %0)lii t fe 

[fit*Jl 4 ] &.%LM&mtf. P t M n ^&C:ft*_T. 
p t— Mn — X (X = N i , Pd, Rh, Ru, I r, 
Cr. Fe, Co) fc£lM£ P d M n £ y 

[O 0 0 1 ] 

[SS^<&Jl?-£ft«#IH tf> (Pinned) % 

1i^CDWb(0^lSl<t^^(D^S^^It^^U- (Fr 
ee) ^ttStD^b^^^^cOli^Trm^tStaA^b^r^ 

teB tffSB £ itx Z> -r 3. 7 ;ux tf >/ <;u ^SSIlKttft 

[O O O 2] 

[&3fccDliffi] «Sl«taS»*SBl^y^^ KlzHu m 
^.HtKt^^^Tjk-tM^F^mi^tzMR (Magnetoresistiv 
e) Kte*«ft«tt«Mlt*^-«^*«fflLfcG 
MR (Giant Magnetoresi stive) K<hri<fc£ 0 B"JE 

ttoru^*. — * % gmr^kmu atSitsfit^iS:*^ 

[0 0 0 3] @8liv>^t,Xt°>/^U^»^$3attv^ 
*V K^^-rtCD-Cfcy. Tfrfe^U— (Free) 
1. ^mit^mS2. t°> (Pinned) &f£B3;&u:jS& 
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5. 5tt/\-K/\V7Xitfc^ 0 6. 7{*Ta 

SSIir\ 8ii3*SB-t?fe£o TOEif>«teB3<D«tt 
£o t c, >M14Jl3<tS^«14)l4 < h7b<SLrff^^tt. 

ffJsae>^tttB3fi. H?SB^»ttB4i:a>s@r*<D^ 
2*u ^b(D^ifii^Y^[S]^@^$tt^o tftEsaii* 
tBsa«tt« 4 1 we e >«st£B 3 o>^® i vc± c 

So 

7XH5<D»S$aitlWSB^U-ilttBl (DK<b*|Sif± 
x^[pj^ti^.t>^rL^o A-K/U7XB5iz«fci)7 
"J -5S1£B 1 ^Hr£Ani=JHttKfl: £ H§ z <h d J: o 

20 m^m3\zmnnm^?Lh>*iio /\— k^?* 

<D«*Ett«(*a)jfeff*ifiii*z*iai-cfcy % mettftG 

&1£B 1 0)«tjb<D^rS]^x^rsj^^ Y^isj^faittr^b 
t^»o -CD^U— «14B1 rt-eo>Wb(D^[£lcDS»i:. 

L. ca>«««ts*o>J6<b(c*^<«jE*fcfc < fcy, m 

[0 0 0 5] *(C. ■ 1 ttf a7^e>/<JU?ffl|I 

30 »-ci* % :?y-iBf£Bi *4"0(cLTJiT^lc. 1MB 
14*mB2 P 2. bf>mi£B3. 3&tfS$iiiBt4B4, 

4*<«B£*t-ci^ 0 HfriB^y-miiBiom^bcD^isi 
r*/\— K/^TxB5fc<fcy x^ianr^*^. iSrEfcf 

>ittl3, 3<D^bCDST(p!fi. ffiEtr>«ttB3. 3 

£&*S£-e. Yjj&uzmM&itztixmjzzfrTi^o 
[0006] m&&m&&fr*<DY?5fa<D&thmmz& 
y> ffiE^y-mteBi o^b^isj^x^iai^p, y^ipi 
^JfillfC^b^-ScirfZcfcy. mttStaffl*<^b-rSo 

40 x kf^/<)\,7m<DmmM$5.^v Kr*ii. ^ y-^ttB 1 
-»1tB 1 tco^s. ^fe(i#^tt^SB 2 <t e>»tt 

S3 to^sr^ii^^-rciiiccfc y«st«st^*jb 
l. z.<nn&&fcm<D$£it\z&'3<n&%.<t\z±i) % m 

[ o o o 7 ] ^ y -iSttB i cD{i^ba)^fa] t e >«itB 

50 t>*STOfzftofct*fclWE«ft*fiili«*«t* 
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3 <D«<bfl>:*|6] Cdfc itzk ^dfftEmSlgialiS 

[0008] 08ic^-r*»^uxe>/<;u^s/ai^a 

[0009] 

SiTE? 'J -«1£Jf 1 R 

e>/\*;u^satK«asi^-y kt-i±, strati® 4 

-TSS^Jltttt^tL-C. FeMn («— £ 
*H*<-flftWI=fflt^e.tl.TL'»-5„ LA^Lv IfflEFeMn 

m*is&L*>-r<. *»^#t;ffim*i-*t.Lrj3< t 

OFsMnSiSt, tf>at1±g-efe-5F e N i 

&S&l-<fc y ^ >y KOUEfitx < * £ . X»Jt:fct£5a 

[OO10] flEF oMn^|r«t5-5S»i»tt 

ttfitLTI r Mn (-f M A— V » 
RhMn (a$?-*A— ^^if*<&-5„ L 
frU WtEFeMn I rMn 

_ e>aEt±B3^«js-r*F 
* i- 1* e >«itji 3 1 ©s®ic fc in-c xikttft * nmv 

fESL-5e>iM#a£*rLTi,*.5fctos &3i«att*m<D± 

[00 1 1] c©*3l=:, ±Ef-*JEL/=5§£«tt*m 
I*, e>ffittg3lC*tL-CJiA^T<D-»lcaM$tlfct 

4. 4A<e>«EttlS3. 3(7)±tTWjR^lCfiE^**l.§ 
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flHStM*, lfflER£«tt»**£GEBJ-r<&Cfcjb<-e#JS: 
l\, e>Ktt@3lc>tLT-hTi:*,Clr?f$fiK$*t 

■C*361Ml*tt«**»*Ci:36<-e***t»fcLr. N 

e>ati±@3(D±i:Ta)^i-BfcK-e^-5f= 

[OO 1 2] tC5A«C(DN i Mn^ii^:. FoN i 

£tt«fe«>i=ii. s^«ttJS4fcj:i;t;>»itH3*}6 

RS£»14li4A<N i MnMMt. if 

>mi3a<f e n i nk&&o>m&. tttbtt&amm 
&-&zn&Zit$>tzibo>m9&mi&g.it¥32 5 o°cia_t<D 
frfcy*i*sffi*<#fi-c**. tc5*<, 2 5o°cui± 

(OSSOJRfflia^ff 5 £, FeNi ^PT?^ja$*tT 
L^7'J- «14Bl&tfe>W1te3<!:. Cute** 
20 *tTl^.&3Mai4»Blf 2OT#ffil::a3^T. &S5ttH05St 
ffcj&<56£L. 7'J-Ittl1 t*WttaiaB2t<D*ffi 
e>«ttJB3igM^t#SB2fc«>S*HT?©* 

[0013] it±&m*o>mm £ »*-r -s fc to© 

[0 0 14] *fc3|E|Bea(t. S^OE14^l-J:^5S«S^ 
* * -5 tfXO !»«ig;ag £ < X' # * <fc 5 (- L 

[0 0 1 5] 

[BH*»*f -SfctoOJ^S] *««©fa7JWe> 
40 Stlfc^KttWttHt. -^«>mE*«ttWaH(D-hj3 

<DSS{b^iS]£-s<»^ifiji=@^-r-5s^«itBt. me 
7 y -fltttftottit* a $me e >«iig<offlat<b^ifii t 

[0 0 16] -tEKfclNT. fflE^'J-ffltttSSt/IiFE 
50 bfVttttJflis W^liFeN i (»— jg^* 
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[00 17] iftSSP tMn&&0)mmf3HZ. Pt 

Mn/)<4 9-5 6^%(7)teffl 

[0 0 18] 2£fZ % ^ilil^. P t Mn^&lCft 

Pt-Mn-X (X = Ni. P d . Rh, Ru, 
I r, Cr, Fe, Co) fe^tMiPdMn^ 

iz± y »j«-r £ d £ t nTterfc^p 

[0019] ^i5^'j-»ttsxt/strsBe>?aattt 

ISCo (n/\*/Uh) . Fe — Co (ft_z»/<jUh) ^ 10 

Fe — Co— Ni (ft— 3/{;ui -y>r)\,) 

Z t * oJfiST*fc£o 
[0 0 2 0] ^^-Cli. S^mttlf ZmtfL?ZEL&M 

[002 1] ^f-IfJl5^?ltiSi:LrP t Mn^I 
£fcf*PdMn^£K£<£fflt-£<t. ABtftCDllftfll9S 

30 

[00 2 2] PtMn^Mlt FeMn^i 

)\,7s e >/ < A, 7SIIISA * KMfcrai:: it * %m 

<ommv7kftmz&i\x&m&ti<±<m'iri±T^ shi& 

ft\ztel*Tt>it¥m\z>£j£LXl^ 0 
[0O2 3] Z*lZ^ P t Mn^It t°>^14@t/)< 

tSStfeU, ^a^ + >^^<3 8 0°c^jgfcB 

< . <*: o r WKttft's k^k^^cd^s^ < ^*dt 40 

[0 0 2 4] 

[^^cDHiifio^] 01 fi^^cD^a.ryuxe^/^ 

A^HWOKBK^ V<D#&Z7jk+&E®x&Z 0 CO) 
-tax ^ «< ^(0 h U- ij if icffclt P>ti% ± 

fiY^isj-efc^o so 
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[0 0 2 5] SlO^tTICff^^ftTt^CDIiTa 

fc£„ Cltf)~FtfeJi6±(Z % PtMn (6^— -7>^3» 
$*tf»a**tfcSa«ttll4. FeNi (ft— -V>T 

;u) ^#-e^fi£^^fce>ni±g3^«B$tir^ 
&<> ffirl2t°>$fitttB3±l^ cu (ffl) 4:jfco*BttV 

SH2#ff2j££*u «rE*«tt#*B2±|CFeN i Jfk 
7jW&fS£*iTl^o 

[0026] m&zL&m&m* t 3 tt><mm 

tf >l»ttJf OBHbcD^fS]** y (::mi»l2<b 

££*l£<, s^fflti 4 ^ p t m n ^r*ifM l, e> 

&t4B 3 £ F e N i Lfci§£\ 

4&t?>Mtem3<DT\zxmz*ixi*&t££. 

ttlf 4 <D±\ztetfi£tiX <h ^CD^fr fcl*TX8MS 
^<pT^IC^^ 0 ftfc. HtrlHt°>mttfi3^Co (=1/* 
;Uh) , Fe— Co (ft_zi/<0uh) Fe— Co 

— N i (ft_zi/\*;U ^"C^jSLTt, 

[0 0 2 7] Ttfel6^b§Il7ftO)#Ii^X/^ 

msitxjjfaizmitzix. -pv-M&mKDmittfxjj 
w (^>>fx^» , cu (S) utiz&vxmztitz 

[0 0 2 8] d<DJ:5fCLr^^ttfc^iT;UXt 0 > 

in im&mnm2&v\f>m&m3\zj£'%m%Li><5- 

^tt^SS 2 t 7 U -«tt« 1 i: (D^S. ^fcli 

2 ^ e>mt4^ 3 1 <t>^®t?»si^ u 

mSlSfii^^b-r^o «*:or^«S5S^^bL. 

^^^^c^^T^^o *§zwx&&M&m4\zm^tz 

PtMn^lt FeMn (^— i 
[O 0 2 9] 
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* (MR/Wh) #1. 5//mCD. X J-T^UXtf^/^U 

ztm* mi) sr/i/>y;uxe>/\^u^^ ess) 

*J*BLfc. 

[0 0 3 0] ^iTiUxev/^u^X^FdOBWIfiRl*. > 
gn> (Si) »«0±i::IW^tt»fcLT7JU5 + 

(a 1203) £j«biu -tco-tizigi tmmz. TifeS 

Ta (3nm) /PtMn (20nm) /N 
i F e (4nm)/Cu (2. 5 nm) /N i F e (7 
nm) /Cu (2. 5nm) /N i Fe (4nm) /P 
tMn (20nm) /T a ( 5 n m) "Cfo£>o *£t$J3 V 

=i Attain?**. v>^e>/^^0iirt 

tt> v'J=l>S^<D-t(CTyU5^<DK$^fiaL. ^C0± 

jb^t>* Ta (3nm) /PtMn (30nm) /N i F 
e (4nm)/Cu (2. 5 nm) /N i F e (8n 
m) /T a (5 nm) t Lfco 
[00 3 1] fi7We>/\^^l^ 

tMnI(0l«^ P t AU8lf% (a t 96) * M 
n #5 2®^% (a t %) <D*<D«t Ltc ( P t 48 M 
n52) o ±E<DfifcKtt. h£JBl^DC^ 

* h Q >X/W y fro fc<, S([l2fa7il/Xe>/^ 

y. raitti 4 Tfc^ p t m n b e>iss 

30 F e N i &&miZl$x. (Ho 
x) AU7 0 (Oe) % e>«14@3CD««K* (He) 
*<2 4 0 (Oe) -Cfcofco 
[0 0 3 2] S 1 RXSm&iZ7r:^^o\Z^ m&T 

a.T;UXe>/<;U^*^(Di^fi8lC{i. I*30nm£DC 
oPt^iSn-K/W7^i5(!:LtJSIU v> 
^UXe>/^U^*dF<DMfifllCl*. ^IHC o P t 

K/<-f 7X1 5 «fc LTl¥£ 2 0 n mlCTricflg L 
fee *fc. WHB/\-K/\VrX«5tt. (M 
r) A<0. 9T (xX^) -C. 3 00 (O 

e) T'fo-Dtzo ^fc 5 mm x 2 5 mm© V U □ >Ift± 

^•^•Cl*. Sta^b^*<6. 2%. *>-htt«M><1 

o. 8Q/m2, «Jie^>>^uxt°>/^u^*^-rrl*. 

e«t^b^<3. 9%. v-h»ta*><1 6. 3Q/m2 
[0 0 3 3] ffiJ8B<DJ:5(c^rrLT;UXtf>/<;U^^(0 

Tffl40>^*l^jS$ttTU^e>atti®3. 3^l:Y 
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4<t. tf>«H£f§3(D±{ffl $ ftfcP t Mn640 
S&ffltttlf 4 e>«tt@3. 3£(7>^®T;£ 

(h77^(@Tw) #2. 2/im. (MR/W 
hh) j!)<1. 5//m0, f27^lf>/^^ : F&i; 

(I s) £-5-*. Yj5ftfr*>H®m&£5-X.. CKBttSfl 

10 S<b(cit^"T^) SilLL 

[0 0 3 4] i2li, «*ftlC*^58#jLCD:fc££££y s 

3UcS-3<®jEcD£<b (AV) ftofct^fey, 

(a) (*ftttttj!UD±2K (oe) ommvomtzfe 

(b) fi. ^sj^(d± 

2 00 (Oe) <DmmX*<D$Eit&tiimzt^tz^<<-)— 

[0 0 3 5] @2 (A) 0^vt-JI/-^b, fi7 
JUXe>/<;U^tS^mm^bli4. 4mVtfcU, 
20 ta£<b^tt3. 5%T*fc^fco * e?*-ju-?tt 

XA-X^tt«I^JSt^rfcy. 2KPg£<blcfcoTl>fc 
I*. Ctt(i2®CDe>mttB3. 3A<Kff»Lt^#* 
O^M*14Wr*m^E<b*H. ISff«Ll*flttft£ 

^LTi^c<t£^LTU6o ^tz^-c-^—)^—y\zit 
txf'jvm<, ngwfcfp.£o (oe) i:iir 

:tj6W^o o£y. n-K/W7Xg5i: < ty7'J 
30 l*£ 0 

[0 0 3 6] @3tt. ^ttm3E (Is) £± 1 OmACD 
$t<D$Z<t\Zfrfrt>*T. fa7i^e>/^^0)tt 

M1bW. ->>y;uxe>/\*;u^m^<D»St^<b*J: 

40 n^<^m e £*>IC. S«m3gA<1 OmACD 
t &<D£fls*A V/Vj5<. 1mAT*0)AV/VlcWl^ 

fa7jw if ^/^u^m^-ei* 8. 8%(D«'>r*fcy. 

i/>^l/Xtf>/\>?^T?tt16. 2%(7>^>i:^o 
Tl^^o El3^P>*^(7)xa.T;UXe>/^U^T-T: 

[0 0 3 7] SSH^^b^. T^>>y h'J 

- (Asymmetry) irCDli^^^L/c^^^T'fc^o 04 
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§t^ + 40 (Oe) t(DiEtt HSftfcfc) <&*rt* 

/^i^^Tv^^h'J-S, (AV (— 40O 
e) — A V (+40Oe) ) / (AV (— 40Oe) + 
AV (+40Oe) ) tTvLtL^, 
[0 0 3 8] i4-Cli, J rn.T)^7,\^>/<)^m i FOr 
MJ 1 0%-e&y. £SB35lc*hf £ft 

juxev/^u^m^-ei;*. ft— 3 2%^b+i%^*es 

[0 0 3 9] m±<D«J:5(c. P t Mn^fe£J£5£$M4JS 
4<h LTffll^f::. faT^e^/^^tflt fl^ffi 

T\ P t Mnft4$RaittItLfefi7^xe>/< 
[0 0 4 0] 3fc(C % J&$£»1£B4£ff2J*-f £P t Mn^ 

y % y'j3> (S i) &ffi<D£®lcT;U5^£j£flSL. 
^t>lCT*^IHI^T a (3nm)/FeNi (5nm) 
/PtMn (20nm) /Ta ( 5 n m) SSiL, £ 

[004 1] PtMni(D*WiMn*-yyHCPt 
mOPtMnlfMU XMA (XS7^^7P7t7 

iB^H^fcfciNr. sst«tt*r»a>p tMn**fc. at 

5 x 1 0 -« T o r r OTOl^St*. 2 0 0 
0 (Oe) (DKJWe. 2 7 0°CCDSSl3^ytTofc o 
"SSM«l*tt«» (Hex) <Diffl£i*H£to&«t*ttvs 
MlCjcyfrofc. 

[0 0 4 2] @5(t P t MnBSO>flI*fiJ$£, P t #0 
-60a t%(D6ffit4^<):5i:»k$ltfci:^ fi£ 
ISlS&Ottffi (as depo. ) fiTE©* ?\Z2 
7 0°C-C|»fliaLfc*-CCD. S«**tt«# (H e x) 

(Dmmm^Lxi^^o ms\z7jkf^5\z^ bursal 
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t-t^fecfc^Lfel^^OMTj^fct^r. PtA<0-2 
5 a t%(D|EfflT*He x3&<4C4A^ ^(DSftttdl*. 
P t M ni^N i F em<D±lzmmLtzt£\Z0>fr± 
P tMng^FeN i BL0>T\Zl&l1tetltzk£\Z\* 

[0 0 4 3] 9&Wkm&\ts P t *<4 2 a t %^&5 5 a 
t%(Dl£HT% X«fS#££C* C<D*§£. PtMnR 

10 -5 1a t%0)eit% 3S»*7]ftt«# (He x) tfi 1 
3 0 (Oe) Pt^4 6-49at%(DKit* 

ffjKH e x*><2 4 0 (Oe) £i8x£o LfctfoT* @ 

fltJ«-f£P t Mn^CDfflfiKli. PtAU4-51at 
%0»Mnil<4 9-5 6 a t %"0fc£> ZtffiW^. L 
<. ££»IC#£L<(£. P t£<4 6~4 9 a t%t'Mn 
£<5 1 -5 4 a t %-efc£o 
[0 0 4 4] B6I*« R»«tt*T»-e**P tMn«. 
20 tf>&t4Bi:£:£FeN i jg£tf)£&e^<!:. 

=l>»S±l=r;U5-#-H*»*L. ^±CTa (3n 
m) /P t M n (30nm) /FeNi/Ta (5n 
m) /7;U5^<&raiCJ*RLfcc, Kli***-^^ hS 

P t MnKDM^P t *<4 8 a t %T?MnA<5 2 a t 
%tlfco SfcFeN i BKDBIIH* 2 n nru 3 n nru 4 
nrru 10nnru 2 0 n m(D 5 flSt Lfco 
[0 0 4 5] ±E<D*ft^*UD*»Kl^** 5X10 
30 -6 To r r J^TCDE^Jg'C. 2000 (Oe) OVtMQ* 
T?S»Jl75tt«* (He x) «8±*ttfc. t!5EJI£* 
l=fi^"C0>m»«a*O c C. 19 0°C. 2 10°C. 2 3 
0°C. 2 5 0°Ci: Lfc 0 SSSt^Ilfc^fSSl^ 
S*«*#tt«**vSMl::*y»eLfc. S6T*l*«t 
»(CFeNi K<DBIJ»<D«fc* t y . «M*l::3Sifc*73te 
(H e x) Stotl^ 0 
[0 0 4 6] S6l^<fctt(i. tf>tttt»£fc£FeN i 
BKDBOTtfS nmJslT-efctttf. 2 1 0°CO)^^T?2 
0 0 (Oe) JSl±CDX«*73tt«# (Hex) 
40 <tjb<t?£. F e N i I(DEf^ 1 0 n mOTtfc*lll 
*Mft3S*Jb<2 3 0°CgJS<DitRW«^tel^'C. 
m7jt£ftt#£2 0 0 (Oe) mJLlCTr^&o t" P 

t m n £J£&&1±B 4 1 urffifflt-^t. it«tt«i*s 

M(DJW8i»cJ:yBIH4:tt4#«tt»«»i:Lr 
FeKt(Dffi»*[»ih-r*Ci:^prSB^:fty. «lcfi» 

[0 0 4 7] H7tt. e>BtttH3*«irt-r***tt» 

50 *4tLr. FeNiS4SttfflLfc»*^ Cojffiffi 
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(3nm) /PtMn (30nm)/F»Ni (3n 
m) /Ta (5nm) /T/US-i-^JiSlgLfci©*: , V 
•J=3>Sffi±IC. 7^at/Ta (3nm) /PtMn 

OOnm) /Co (4nm) /T a (5nm) /TJt/ 
S^£fig|gLf==o<D£2*I&gijtLfc. 

[0O4 8] MBtt4>-y» KJfflUDCT^h 
P I/*/*? *|C«fcyiTfel.V PtMn Bg(D$flfi£l±, Pt 
*<48a t%t, Mn4<52a t%i:L,fc. ±E2gg 10 
<*>£Blgl~*tU 5 X 1 O -« T o r r JUT©^^, 
2000 (Oe) 2 3 CCTiJ&fllJlU X 

»m*1±«lf- (Hex) Sfg^S-ti-S.fcdl-Lfc. IMk 

[0049] H7i±«ttiza*ajs. *tti=x«**it 

(Hex) C*Lrt««. hf>«14Bi:«:S5itttt 

UFeNi Lfc*^» Hex liMS*^ 

P,SKj2 0 0°C*-e±^*1i-C=fefe^yeT-fr^ !K)2 4 20 
0°C)!)>feTA<yS&to$il3 8 OtS^JB^-r* C?D-y*> 
. e>aEtt^lCCo^fflLfc»^. Hexli 

Sii^6«i 2 o°c$T?life*y^bA<M.x.-r. 2 
0°CIUKA^t>^>!J(-TA<y*Sto. FeNifiO«^g 
C«fc5l-iKl3 8 0°CT?^a v4r>-ySSt^*. C<D«fc 
HexA<)H*tSSS (^P-v4r>y^S) l*F 
eNil, CoMtUzS 8 OttlESl-SSlMl^L 

-r-SHregtt<Dfcs^s*'>e.iKii 2 o°ca>S5Hi=asivr;, 

FaNi K&l/CoKl-<fe-5H e xlilSlS^^'V r-fcfil 30 
[OO 5 0] 

BA<P t Mn^*^fcttC*itIiarottM^=feOP dM 
n6t> fc5UttPt-Mn-X (X = N i . Pd, R 
h, Ru. I r. Cr. Fe. Co) ^&T?»J5fc£;h£ 
Cirlc^oT, lftSB£8i8ttB*<e>«attB<D±Ti:*> 
6l=»***i-C*«««*1t«#t»*Ci:*«»irtttni: 
y. * &l=tt«W«l*S£<D^STf*»*M£XSl* 40 
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[005 1] RSMBttBtfP t Mn^SfcliP 

dMng*, fcSWiPt-Mn-X (X = Ni. P 
d, Rh. Ru. Ir. Cr. Fe. Co) ^&f«£fi6 

[0 0 5 2] fife. K3£JH£BA<P iMn^StttP 
dMn^l t— Mn— X (X = Ni, P 

d. Rh. Ru, I r, Cr, Fe, Co) ^^T'J^Rfc 

[@2] TiTiuxev/^u^Ki-fcit^^spasstts 
fit^b^i:(DBi^s*-r»«ia-cfcy. (a) i*y^-v— 

A,— :?, (B) ;u-x 

;u ^Klc fc It 4 Jt$m3S <t «fit£<b* t £ » 
0* 

[0 4 ] ->>y;ux ev/^u^tfiT^^e^/^ 
js-tia0. 

[@5] p tMnmommtfLt&mmn&mnttoMm 

[0 6] JSJ«iSSSSi;tf>«14B (FeN iR) OTR 

[07] tf>atitBicF e n i mtcomim^t-m^ 

0K Jf£Sffi£SESm:£14«!r£©M&£^*a0. 
[0 8] '>Xf>i,X.tf>'<n,72tmmMfS.^v K<0«ig 
£jS'*'t£*SrBi0* 

1 ^ y -«ti±B 

2 !MStt«*B 

3 e>atitB 

4 S^ffittB 

5 /\— K/WTXB 

6 TtfeB 

7 Sii 

8 «HB 
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